BACKGROUND/OBJECTIVE: To evaluate the association between current and lifetime alcohol consumption, and overall and central obesity in adults of an urban Portuguese population. SUBJECTS/METHODS: Participants were randomly selected from the non-institutionalized Porto inhabitants, aged X18 years (EPIPorto Study: 1999. The study included 2366 participants for evaluating current alcohol consumption and overall obesity, and 2377 participants for central obesity. A trained interviewer applied a questionnaire and anthropometrics were measured. Data on alcohol intake were obtained by using a food frequency questionnaire. Overall obesity was considered when body mass index was X30.0 kg/m 2 , and central obesity when waist circumference (WC) was X88 cm in women and X102 cm in men. Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated, separately by sex, using unconditional logistic regression models. RESULTS: After adjustment for age, education, smoking, energy intake and regular physical exercise, men who consumed 460g/day of alcohol were more frequently obese compared with non-drinkers (OR ¼ 2.26, 95% CI: 1.17--4.35). When considering lifetime alcohol consumption, the magnitude of the association was stronger in both women (OR ¼ 2.41, 95% CI: 1.28 --4.56) and men (OR ¼ 4.22, 95% CI: 1.93--9.24). For central obesity, women consuming 15.1--30 g/day and 430 g/day had higher probability of being obese, considering both current and lifetime alcohol consumption. In men, the same positive associations were observed, which were particularly stronger between lifetime alcohol consumption and central obesity (460g/day vs nondrinkers: OR ¼ 4.02, 95% CI: 1.80 --8.98). CONCLUSION: Independently of social and behavioural features, current and lifetime alcohol consumption were positively associated with overall and central obesity, in both women and men.
INTRODUCTION
Obesity affects 4300 million adults all over the world; the majority of whom live in developed countries. 1 Although the United States seems to have the highest levels of obesity, the trend for increasing prevalence is quite similar across countries. Similarities in the speed by which obesity prevalence has increased suggest a worldwide time-related phenomenon, rather than a country-specific trend. 2 Within the European Union, the prevalence of obesity is higher in the Mediterranean and East European countries, particularly in Portugal and Spain. 3 Alcoholic beverages are widely consumed throughout the world. Worldwide per capita consumption (X15 years) of alcoholic beverages in 2005 was B6.13 l of pure alcohol, but a large variation exists with the highest consumption found in the developed world, mostly in Asia and Europe (central and northern Europe). Portugal is within the high-intake countries (412.5 l per capita). 4 Obesity is a complex multifactorial disease and its causes can be attributed to physiological, environmental, psychological and genetic factors. 2 Among these factors, diet could have a central role for obesity development. The contribution of alcohol for energy intake (7.11 kcal or 29 kJ/g) lies between that of carbohydrates (4 kcal/g) and fat (9 kcal/g). If consumed in considerable quantities, alcohol calories may thus represent an important energy source, which has to be taken into account in the energy balance equation. In addition, alcohol suppresses lipid oxidation, and this monoxidized fat is preferentially deposited in the abdominal area. 5 Moreover, alcohol enhances appetite, 6 that may be due to decreased glucose levels, as a result of decreased gluconeogenesis, 7 enhancement of socialization, psychoemotional desinhibition or even the increased duration of a meal. 8 Previous findings suggest that moderate alcohol consumption has been associated with a decreased risk of cardiovascular diseases, 9 --11 and this effect may be related by its beneficial effects on lipids, 12 haemostatic factors, 13 insulin sensitivity 14, 15 and inflammation. 16, 17 However, for most conditions (for example, cancer, neuropsychiatric, gastrointestinal, endocrine and metabolic conditions) alcohol increases the risk of disease in a dosedependent manner: the higher alcohol consumption, higher the risk. 18 Previous evidence suggests that energy content of alcohol also contributes to subsequent weight gain. 19 --25 The overall results of a recent systematic review do not conclusively confirm this positive association; however, particularly in studies with higher levels of drinking, positive associations between alcohol intake and weight gain have been reported. 26 For Mediterranean areas where wine consumption is high, few studies have been conducted. 27 Moreover, to our knowledge, few studies have examined the association between lifetime alcohol consumption and obesity risk, particularly central obesity in both men and women. 25, 28 As alcohol consumption is prevalent in our country, particularly not only in men but also in women, 29 we would expect to have a sufficient variation in alcohol consumption that will allow us to study the relationship between quantity of alcohol consumption and body weight, in men and women from the same population.
Therefore, our study aims to evaluate the association of current and lifetime alcohol consumption with overall and central obesity in adults of an urban Portuguese population.
MATERIALS AND METHODS Participants
Participants were identified, by random digit dialling, 30 as part of a health and nutrition survey (the EPIPorto study) of a representative sample of the non-institutionalized adult population of Porto, a large urban centre in the north --west of Portugal with almost 300 000 inhabitants. At the time of recruitment, 97% of all households had a fixed telephone number. For each household selected, permanent residents were identified according to sex and age, and one subject, among those aged X18 years, was selected by simple random sampling. This cross-sectional study was conducted during 1999 --2003 (n ¼ 2485). Refusals were not substituted and a participation rate of 70% was achieved.
A rapid evaluation of the participants' cognitive function was performed using the mini-mental examination test to subjects 464 years. 31 Subjects were excluded when scoring was o24 points. From a total sample of 2485 subjects (62% of women), with a mean age of 53 years, those who have changed their alcohol habits in the previous year (n ¼ 6) and with missing information for key variables such as weight, height, waist circumference (WC) and alcohol consumption were not included. Therefore, for the present study a total of 2366 participants (1459 women; 907 men) were included in the analysis of the association between current alcohol consumption and overall obesity (2212 considering lifetime alcohol consumption), and 2377 (1467 women; 910 men) were included in the analysis of the association between current alcohol consumption and central obesity (2219 considering lifetime alcohol consumption).
Data collection
Data were collected by trained interviewers using structured questionnaires with information on social, demographic and behavioural characteristics (including alcohol consumption, diet, smoking and regular physical activity).
Current alcohol consumption was estimated using a semi-quantitative food-frequency questionnaire covering the previous year. 32, 33 During interview, each subject was asked about the mean frequency of consumption of different types of alcoholic beverages, including wine, beer and spirits (the previous including liquors, gin, rum, vodka, cocktails or other mixed drinks). Nine frequency categories were considered: (1) never or less than once a month; (2) 1 --3 times/month; (3) once a week; (4) 2 --4 times/week; (5) 5 --6 times/week; (6) once a day; (7) 2 --3 times/day; (8) 4 --5 times/day; and (9) 6 or more times/day. After estimating the mean frequency of consumption in the previous year, subjects were asked if the average portion consumed was lower, equal or higher than a glass of 125 ml for wine, a bottle or can of 330 ml for beer, and a cup of 40 ml for spirits. A photographic album was used to help the decision of the average portion size consumed.
Lifetime alcohol consumption was ascertained by face-to-face interviews, in which each subject was asked about frequency and quantity of consumption of three different types of alcoholic beverages: wine (white wine and red wine), beer (beer with and without alcohol), and spirits (white drinks and liquors) during life. For obtaining this data, the number of glasses consumed by day, week or month during most of life were recorded, as well as the type of glass usually consumed (a photographic album was used to help portion size estimation). Additionally, age at initiation and age of cessation of consumption (when applicable) were asked. Mean alcohol consumption was then calculated considering the actual age of participants. If participants had changed their alcohol habits during life, information was recorded for the highest period of exposure (more years of consumption).
For both alcohol variables, the quantity of alcohol intake (g/day) was obtained by multiplying the frequency of consumption by the mean portion size and, whenever applicable, by a factor of seasonal variation of consumption (0.25 as assumed for a 3-month intake over 1 year). This conversion was carried out using the software Food Processor PlusÀ (ESHA Research, Salem, Oregon, 1997), adapted to Portuguese drinks. The software considers an algorithm that assumed the following alcohol concentrations in volume: 12% for wine, 4.7% for beer, 25% for liquors and similar beverages, and 50% for vodka and the like.
Different categories of alcohol consumption were defined by the cut points 15.0 and 30.0 g/day for women, and 15.0, 30.0 and 60.0 g/day for men, according to the American Heart Association guidelines. 34 Participants with alcohol intake p15.0 g/day for women and p30.0 g/day for men were considered as moderate alcoholic drinkers, and those with intake 430.0 and 460.0 g/day, respectively, for women and men, were considered as 'excessive' alcoholic drinkers.
Anthropometrics were also obtained by trained personnel, according to standard procedures, with subjects wearing light clothing and while barefoot. 35 Body height was measured to the nearest 0.1 kg using a digital scale (SECA, Columbia, MO, USA) and height was measured to the nearest centimetre (cm) using a wall stadiometer (SECA Hamburg, Germany). Body mass index (BMI) was computed as the value of weight (kg) divided by the squared height (metres). WC was measured to the nearest centimetre with a flexible and non-distensible tape, avoiding exertion of pressure on the tissues and with the subject standing; the measure was performed midway between the lower limit of the rib cage and the iliac crest.
On the basis of the established guidelines from the USA National Institutes of Health, subjects were classified into two categories: nonobese, if BMI was o30 kg/m 2 , and obese, if BMI was X30.0 kg/m 2 . Participants were also classified with central obesity, if WC was 488 cm in women and 4102 cm in men, according to the Expert Panel on the Identification, Evaluation, and Treatment of Overweight in Adults. 36 Data on potential confounders were also collected. Age and education were recorded as completed years of aging and schooling, respectively. Total energy intake (kcal/day) was obtained with an 82-item semiquantitative food frequency questionnaire, the same one through which alcohol intake was assessed. Food consumption was converted into total energy intake with the Food Processor Plus software (ESHA Research), adapted to Portuguese foods and dishes. The contribution of alcohol to total energy intake (7 kcal/g) was not taken into account for analyses purposes. Smoking habits were registered as daily (at least one cigarette/ day), occasional (less than one cigarette/day), former (with at least 6 months without smoking) and never smoking. For analyses, only two categories were considered: current smoking (daily and occasional smokers) and non-smoking (never and former smokers). Regular physical exercise was ascertained as the regular practice, for at least 30 min/week, of any leisure-time physical activity with energy expenditure 42.5 metabolic equivalents during the previous year. Participants were classified as practitioners of regular physical exercise or not.
Ethics
All participants gave written informed consent to participate. The study was carried out in accordance with the Helsinki Declaration II.
Statistical analysis
Proportions were compared using the chi-square test. The Student's t-test or non-parametric equivalent test, when appropriated, was computed to compare continuous variables between two independent samples. All Pvalues were two sided, and the significance level was set at 5%.
Unconditional logistic regression models were used to examine the associations between alcohol consumption (current and lifetime) and obesity (overall and central). The associations were evaluated crudely and in multivariate analyses. Age, education, smoking habits, energy intake (from sources other than alcohol) and practice of regular physical exercise were Alcohol consumption and obesity S Lourenc¸o et al considered as potential confounders. Further adjustment for height was performed when evaluating the association of alcohol with WC, but results did not change materially.
The dose --response relationship between alcohol consumption and anthropometrics was assessed with tests for linear trend, by modelling the alcohol variables as continuous variables.
All analyses were conducted using the statistical software STATA/SE 10.0 (StataCorp., College Station, TX, USA) and were performed separately by sex. Table 1 .
RESULTS

Characteristics of participants
In women, age, education, energy intake (from sources other than alcohol), smoking status and regular physical exercise significantly differed across obesity categories. Obese women (overall and central obese) were significantly older, less educated, had lower energy intake, were less frequently smokers and less physically actives, than non-obese women.
Obese men were older, less educated, had lower energy intake, were more frequently non-smokers (former smokers included) and sedentary, than non-obese men. These differences did not achieved statistical significance for age, energy intake and smoking, when considering overall obesity. Table 2 shows the distribution of overall non-obese and obese participants according to categories of alcohol intake in the previous year and during lifetime, and the respective associations.
In both women and men, alcohol consumption significantly differed between non-obese and obese subjects; a significantly higher percentage of obese subjects was found within those who drank more alcohol per day (Table 2) .
Considering both methods of evaluating alcohol consumption, non-significant inverse associations were found between moderate alcohol consumption and overall obesity in both genders (Table 2 ). However, levels of alcohol intake 430 g/day in women and 460 g/day in men were associated with higher probability of obesity. After adjustment for confounders, men who reported to Energy intake from sources other than alcohol.
Alcohol consumption and obesity S Lourenc¸o et al consume 460 g/day of alcohol in the previous year had a twofold increase in the probability of presenting obesity (odds ratio (OR) ¼ 2.26, 95% confidence interval (CI): 1.17 --4.35), when compared with non-drinkers ( Table 2) . When considering lifetime alcohol consumption, the magnitude of the positive association was even stronger: individuals with higher alcohol consumption (460 g/day in men and 430 g/day in women), presented significantly higher probability of obesity (OR ¼ 2.41, 95% CI: 1.28 --4.56 in women; OR ¼ 4.22, 95% CI: 1.93 --9.24 in men) ( Table 2) . Table 3 displays the previous-year and lifetime prevalence of alcohol consumption in women and men, and the associations with central obesity.
Alcohol consumption in the lifetime year was strongly and positively associated with central obesity, even for moderate amounts of 15 --30 g/day of alcohol in women (OR: 1.58 95% CI: 1.07 --2.35). For 'excessive' alcohol drinkers (430 g/day in women and 460 g/day in men), the probability of having central obesity was almost threefold higher (OR: 2.80; 95% CI: 1.51 --5.20 in women; OR: 2.34; 95% CI: 1.21 --4.53 in men), compared with non-drinkers (Table 3) .
When lifetime alcohol consumption was evaluated similar results were found; significant positive associations of central obesity with moderate alcohol consumptions (OR ¼ 1.59, 95% CI: 1.12 --2.25 in women; OR ¼ 2.22, 95% CI: 1.05 --4.71 in men) and with 'excessive' alcohol consumptions (OR: 3.33, 95% CI: 1.68 --6.63 in women; OR: 4.02, 95% CI: 1.80 --8.98 in men) were described.
In general, the reported associations were stronger with central than overall obesity.
DISCUSSION
The present study showed that the current and lifetime alcohol consumption were positively associated with obesity prevalence. These relations were significant, dose-dependent and stronger in men than in women, considering both overall and central obesity. The magnitude of these associations was higher when lifetime alcohol consumption was considered.
Our results are in agreement with previous studies that showed positive associations between alcohol consumption and overall obesity, particularly in men, 20 --25 and between alcohol consumption and central obesity. 28, 37, 38 However, some cross-sectional studies reported inverse relationships between quantity of alcohol consumed and BMI in women. 39, 40 In the National Epidemiological Survey on Alcohol Related Conditions study, the authors showed that an increased frequency and intensity of alcohol use was related with small weight gain in men, but not in women. 22 In the present study, the positive associations found in women between alcohol consumption and overall and central obesity were weaker than in men and relevant for consumptions 415 g of alcohol per day. The magnitude of this association was stronger when lifetime alcohol consumption was considered; the likelihood for central obesity was approximately twofold higher for consumptions 415 --30 g/day (in women) and 430 --60 g/day (in men), compared to non-drinkers. Therefore, in both genders, even 'moderated' alcohol consumption was associated with increased probability of central obesity, independently of potential confounders.
In populations with lower alcohol consumption levels than ours, like the one from United States, no significant associations were found between high WC and alcohol consumption, during 9 years of follow-up study. 41 However, data from European studies have been suggesting a direct association between alcohol consumption and visceral fat accumulation, particularly in men. 37, 38 In Mediterranean populations, drinking alcoholic beverages (especially wine) is quite frequent, socially accepted and it is part of Alcohol consumption and obesity S Lourenc¸o et al daily habits. The amount of alcohol consumption in our population is very high 4,29 and, probably, for this reason, it was possible to find a strong dose-dependent positive association for high levels of consumption in men, but also in women.
For a correct interpretation of our findings, some methodological comments are needed. A limitation of this study is its cross-sectional nature, which limits the definition of a temporal sequence and the establishment of causality. The analyses considering lifetime exposure to alcohol could somewhat minimize this problem, supporting the associations found between alcohol and obesity. On the other hand, the labelling of lifetime alcohol consumption could be questionable, as when participants had changed their alcohol habits during life only the period of highest exposure to alcohol was considered. However, in general, participants maintain alcoholic habits through life; in the present study o20% reported changes in their alcoholic habits.
Underreporting of food consumption by obese individuals has been described in previous studies. 42 In the present study, the mean energy intake in obese and non-obese was similar. Moreover, the reproducibility and validity (7-day food records as gold standard) of the semi-quantitative food frequency questionnaire were tested in this specific population, 32 considering a 1-year reference period, and the correlation coefficients for alcohol intake were 0.77 and 0.70, respectively, showing that individuals, in general populations, could accurately describe what they drank. The present study has also the advantage of the precision obtained by illustrating the serving size of the alcoholic beverages, which could at some extent minimize recall bias and therefore the expected underestimation of consumption. The problem of misreporting of self-reported alcohol consumption, although cannot be excluded, should be minimal in a community sample, in which alcohol consumption is legally produced, socially accepted and perceived as part of the traditional dietary pattern. Under this perspective, social desirability bias is not probable.
In the present study, we evaluated the effect of alcohol on obesity independently of other factors, such as total energy intake. With this adjustment, we indirectly considered the effect of other macronutrients. However, we cannot exclude the possibility of residual confounding from other dietary factors or patterns.
Owing to the methodology used to classify non-drinkers according to the current alcohol consumption variable (foodfrequency questionnaire covering the previous year), we have included in the reference category true non-drinkers and former drinkers who might have higher risk of certain diseases, namely obesity. Thus, the likelihood for obesity among drinkers might have been underestimated, and the strength of the associations between current alcohol consumption and obesity could be even higher. Moreover, due to the large contribution of wine to total alcohol intake, beverage-specific analyses were not possible.
The main strengths of the present study are the relatively large number of participants from both sexes, the possibility of evaluating the effect of two different approaches of measuring alcohol consumption (current and lifetime intake) in relation to obesity risk, particularly central obesity, and the adjustment for several important confounders. The wide range of alcohol consumption in women and men from this population could have also contributed to show and compare the effects of alcohol consumption in obesity risk by sex, whereas previous studies have focused mainly in men.
In conclusion, positive and significant associations of current and lifetime alcohol consumption with overall and central obesity were found in both genders. These associations were stronger in men than in women and dose-dependent; even 'moderate' alcohol consumptions were associated with an increased likelihood of Alcohol consumption and obesity S Lourenc¸o et al obesity, particularly central obesity. The magnitude of associations was stronger when lifetime alcohol consumption was considered.
Further longitudinal analysis (taking into account the temporal sequence) are needed to support these associations, namely in populations with high variability of alcohol consumption and assessing the specific role of different types of alcoholic beverages. Meanwhile, the influence of alcohol intake in weight gain should be considered in the development of public health policies.
